Can a polyproline II helical motif be used in the context of sequence-selective major groove recognition of B-DNA? A molecular modelling investigation.
Proline-rich peptides are known to adopt preferentially the extended polyproline II (PPII) helical conformation, which is involved in several protein-protein recognition events. By resorting to molecular modelling techniques, we wished to investigate the extent to which PPII helices could be used for the formation of isochelical peptide-DNA complexes leading to the selective recognition of the major groove of B-DNA. For that purpose, we have grafted to a cationic intercalator, 9-amino-acridine, an oligopeptide having the sequence: Pro- Arg-Pro-Pro-Arg-Pro-Pro-Arg-Pro-Pro-Asp-Pro-Pro. Each residue in the sequence was set in the D configuration, to prevent enzymatic hydrolysis, and each Arg residue was designed to target O6/N7 of a guanine base following the intercalation site. The Asp residue was designed to target a cytosine base, whilst simultaneously forming a bidentate complex with the Arg three residues upstream. Energy-minimization, using the JUMNA procedure, led to the following conclusions : 1) major groove binding is favoured over minor groove or exclusive binding to the phosphates by large energy differences, of over 50 and 90 kcal/mole, respectively: 2) the two best bound sequences are those having three successive guanine bases on the same DNA strand, immediately adjacent to the intercalation site. Sequence d(CGGGC G), encountered in the Primer Binding Site of the HIV retrovirus, thus ranks amongst the best-bound sequences; 3) replacement of an individual guanine amongst the three ones upstream of the intercalation site, by an adenine base, weakens by > 6 kcal/mole the binding energetics; 4) the conformational rigidity of the DNA-bound PPII helix should enable for a modulation of the base sequence selectivity, by appropriate replacements of the Arg and Asp residues. Thus sequence CGGCAAG, also encountered in the HIV genome, could be targeted by an oligopeptide having the sequence Pro-Arg-Pro-Pro-Asp-Pro-Pro-Asn-Pro-Pro-Asn-Pro-Pro-Arg-Ala.